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Abstract
　PURPOSE: There are few reports that have compared the activity of the 
quadriceps femoris during closed kinetic chain (CKC) exercises such as forward 
lunge and squat. The purpose of this study was to compare electromyographic 
activities (EMG) of the vasti medialis and lateralis and rectus femoris while 
performing forward lunge (FL), squat (SQ) and squat with isometric hip adduction 
(SQA). RELEVANCE: This study would contribute to finding selective strengthening 
exercises for the vastus medialis. PARTICIPANTS: Sixteen healthy men carried out 
these 3 tasks at a speed of 25 times per min. METHODS: Following the conversion 
of the raw EMG recordings into integrated values (IEMG), IEMGs were normalized 
by dividing the ones of those recorded during the performance of these tasks by 
those during isometric maximum volitional contractions, thereby culminating in a 
normalized integrated EMG (%IEMG). The ratio of %IEMG of the vastus medialis to 
that of the vastus lateralis (VM ratio) was compared among the 3 tasks. 
ANALYSIS: A one-way analysis of variance was used, followed by Bonferroni post 
hoc test to analyse the data. RESULTS: The %IEMG of the vastus medialis was 
significantly greater for the SQA (32.5%) than that for the FL (9.9%) during the 
initial flexion period. During the final extension period the %IEMG of the vastus 
medialis was the same as for that during the period of initial flexion. The maximum 
%IEMG of the vastus medialis for FL, SQ and SQA was 61.9%, 40.6% and 52.6, of 
the vastus lateralis, 68.3%, 49.6% and 49.8% and, of the rectus femoris, 43.5%, 25.4% 
and 29.1%, respectively. The activity of the rectus femoris was smaller than that of 
the vasti medialis and lateralis during the performance of the 3 tasks. The VM ratio 
was smaller than 1, except during the initial extension period of the 3 tasks, and no 
significant difference was evident among the 3 tasks for the VM ratio. However, the 
VM ratio for SQA was found to be 1.15 and 1.22 during initial flexion and the 
intermediate flexion periods, respectively. CONCLUSION: FL is recommended as a 
choice for strengthening of these muscles in a CKC condition. Further, these 
findings suggest that co-contraction of the hip adductors may be required to 
generate a greater vastus medialis force. IMPLICATION: Quadriceps femoris 
strengthening in CKC conditions may vary in method according to the targeted 
muscle(s) in question.
